During their transit along the epididymis, mammalian spermatozoa acquire new proteins that are necessary for their acquisition of forward motility and fertility. By using the bovine model, we previously showed that small membranous vesicles named epididymosomes are secreted in the epididymal intraluminal compartment. Epididymosomes from caput and cauda are different, and interact sequentially with the transiting spermatozoa. In fact, selected proteins of epididymosomes are transferred to different subcompartments of the maturing spermatozoa. In this study, we investigate the possibility that different subpopulations of epididymosomes are present in the caudal portion of the epididymis. Through the use of discontinuous sucrose gradient ultracentrifugation, we isolated two distinct populations that differ in their protein and lipid compositions. Although they have similar diameters, the ultrastructural appearance of these two populations was very different. The low-density (Ld) vesicles are enriched in cholesterol, sphingomyelin, and ganglioside M1, suggesting the existence of detergent-resistant membrane domains or rafts. The high-density (Hd) vesicles show a high protein concentration, including ACTB and VAMP8. When each subpopulation of biotinylated cauda epididymosomes was coincubated with caput spermatozoa, a subset of biotinylated proteins was transferred to the sperm; the Ld and Hd vesicles transferring the same pattern of proteins. In vitro competition assays of protein transferred from Ld or Hd epididymosomes to sperm confirm the similarity in the selected transferred proteins. Electrospray tandem mass spectrometry (ES-MS/MS) analysis of proteins associated with the two populations of vesicles confirm the epididymal origin of some of them, the possible involvement of others in transmembrane signaling systems, and the identification of proteins for which functions in sperm physiology remain to be determined. Mass spectrometry analysis also revealed that ELSPBP1 and GBB2 were transferred from epididymosomes to spermatozoa. Results are discussed with regard to the functions of these two cauda epididymosome populations in sperm physiology.
INTRODUCTION
In mammals, spermatozoa have to transit along the epididymis in order to acquire their full fertilizing potential. This process involves complex interactions between the intraluminal milieu and spermatozoa that occur in a sequential manner along the excurrent duct. Some epididymis-secreted proteins are added to spermatozoa, and have been shown to be involved in the acquisition of fertilizing ability and forward motility [1, 2] . These newly acquired proteins are classically referred to as coating proteins [2] . However, some sperm proteins acquired during the epididymal transit behave as integral membrane proteins, are glycosylphosphatidylinositol (GPI) anchored to the sperm plasma membrane [3] [4] [5] , or can be integrated in intracellular subcompartment [6] [7] [8] . The mechanisms of acquisition of these proteins by the maturing spermatozoa remain puzzling.
Within the epididymal intraluminal compartment, spermatozoa interact with small membranous vesicles called epididymosomes [9] [10] [11] that are thought to be secreted by principal cells using the unclassical apocrine pathway [12, 13] . A complex mixture of proteins is associated with these vesicles that differs from the soluble proteins found in the epididymal fluid used to prepare the epididymosomes, at least in bovine [14] and human [15] . The proteins in epididymosomes are segregated in detergent-soluble and detergent-resistant membrane domains that are involved in the compartmentalization of transferred proteins to different sperm subcellular and membranous domains [16, 17] . The protein transfer from epididymosomes to maturing spermatozoa shows certain specificity, is saturable, and is temperature, pH, and zinc dependent [18] . These transferred proteins have been shown to be involved in zona pellucida binding [3, 19] , protection against reactive oxygen species [20] , and involved in modulation of motility [21] (reviewed in [10, 22, 23] ).
We recently reported that epididymosomes collected in the caput and cauda bovine epididymis have different protein compositions, and that they interact differently with spermatozoa [14] . In the present study, we report that epididymosomes collected in the cauda epididymal fluid can be separated into two distinct populations differing in their biochemical composition, suggesting that they may play different roles.
MATERIALS AND METHODS

Biological Material
Bovine tissues were obtained from a slaughterhouse. Immediately after slaughter, the testis were put on ice and brought to the laboratory within 2 h. Epididymides were dissected on arrival. Only epididymides with motile spermatozoa in the tubule of the distal cauda portion were used in this study. Fluids were collected as previously described [14] .
Epididymosomes Preparation
Epididymosomes were prepared from cauda epididymal fluid as previously described [18] . Briefly, cauda epididymal fluid was collected by applying retrograde air pressure into the vas deferens cannulated with a syringe. The fluid was diluted in 0.15 M NaCl and centrifuged at 1000 3 g to remove spermatozoa and twice at 3600 3 g for 20 min to remove any cellular debris. The 3600 3 g supernatant was subjected to ultracentrifugation at 120 000 3 g in a swinging bucket rotor (MLS-50; Beckman) at 48C for 2 h. The pellet containing epididymosomes was resuspended in NaCl and centrifuged again at 120 000 3 g for 2 h. Aliquots of epididymosomes were kept at À808C until use. The freezing-thawing cycle does not affect the protein transfer properties of epididymosome preparations (Supplemental Data available online at www. biolreprod.org).
The freshly prepared pellet of cauda epididymal epididymosomes was resuspended in PBS and mixed with 1 volume of 85% (w/v) sucrose in PBS; 0.85 ml of this suspension was overlaid with 3 ml of 35% (w/v) and 1 ml of 5% (w/v) sucrose solutions in PBS. The discontinuous gradient was ultracentrifuged at 120 000 3 g for 16 h at 48C. Ten fractions of 480uL collected from the top of the gradient were analyzed.
Two epididymosome populations distributed themselves along the discontinuous sucrose gradient. The low-density (Ld) population was recovered at the 5%/35% interface of the sucrose gradient and the high-density (Hd) vesicles were in the 42.5% sucrose cushion at the bottom of the tube. The two fractions containing Ld and Hd epididymosomes were diluted with 0.15M NaCl and centrifuged at 120 000 3 g for 2 h. The resulting pellets were washed once with NaCl solution, the resulting pellets were resuspended in small volume of NaCl 0.15M, and stored at À808C until use.
Epididymosomes Biotinylation and Competition Assays
Freshly prepared Ld and Hd cauda epididymosomes were resuspended in 200 ll PBS and mixed with 1 mg of Sulfo-NHS-LC-biotin (Pierce). After 105 min at room temperature, the vesicle suspensions were diluted with 20 volumes of 0.15 M NaCl and ultracentrifuged at 120 000 3 g for 2 h at 48C. The pellets were washed by ultracentrifugation, resuspended in NaCl, and aliquots were stored at À808C.
The in vitro assay of protein transfer from epididymosomes to spermatozoa was performed according to Frenette et al. [14] . Freshly collected caput spermatozoa were washed several times with NaCl and incubated at a concentration of 30 3 10 6 /150 ll 0.15 M NaCl, 10 mM MES-PIPES (pH 6.5), together with suspensions of biotinylated epididymosomes, for 3 h at 378C [18] . In competition assays, a 40-60 time excess of unbiotinylated Ld or Hd epididymosomes was added to the protein transfer assay. The final concentrations of epididymosomes in the coincubation media were similar to the epididymal intraluminal concentration of the vesicles (740 6 340 lg/ml). Biotinylated proteins transferred from epididymosomes to spermatozoa were detected by probing Western blots of sperm protein 1% Triton X100 extracts (equivalent of 7 3 10 6 spermatozoa per lane) with neutravidin-horseradish peroxidase conjugate (NA-HRP).
Protein Precipitation, Electrophoresis, and Immunoblotting
Proteins from epididymosome suspensions were precipitated in MeOH/ CHCl 3 [24] and analyzed on SDS-PAGE according to Laemmli [25] . Electrophoreses were run on the basis of 10 lg of proteins per lane, as determined by Bio-Rad protein assay kit. The gels were stained with the Coomassie brilliant blue R-250 (Bio-Rad) or transferred to a nitrocellulose membrane (Bio-Rad) with a semidry graphite blotter system (Pharmacia).
Nitrocellulose membranes were blocked overnight at 48C in PBS containing 5% (w/v) skim milk or 3% (w/v) bovine serum albumin. The following antibodies were used to probe the nitrocellulose membrane: anti-P25B [26] 
Two-Dimensional Gel Electrophoresis and Electrospray Tandem Mass Spectrometry Identification of Proteins
Following coincubations with biotinylated Ld and Hd epididymosomes, proteins of caput spermatozoa were extracted with 0.3% Triton X-100 in water and submitted to two-dimensional (2D) gel electrophoresis. Briefly, proteins were precipitated with 9 volumes of acetone at À208C. The pellets were dissolved in solution D (7 M urea, 2 M thiourea, 2% CHAPS, 2% Pharmalyte [v/v], and 40 mM DTT) and separated on a 13-cm linear Immobilin Dry Strip (pH 3-10) with the IPGphor II Isoelectric Focusing System (GE Healthcare, Buckinghamshire, U.K.). For the second dimension (SDS-PAGE), the strips were equilibrated in buffer E (6 M urea, 75 mM Tris [pH 8.8], 25% glycerol [w/ v], 2% SDS) containing 65 mM DTT, followed by incubation in buffer E containing 135 mM iodoacetamide, respectively. The second dimension was run on 12% polyacrylamide gels, and transferred proteins were revealed as described above. Total protein extracts of biotinylated caput and cauda epididymosomes were run in parallel. These electrophoretic patterns were revealed to visualize biotinylated proteins. Considering that the 2D electrophoretic patterns of biotinylated proteins transferred by the Ld and Hd epididymosomes are identical, only proteins transferred from Hd epididymosomes to caput spermatozoa were further studied. Coomassie blue-stained proteins of the epididymosomes electrophoretic patterns corresponding to the biotinylated proteins transferred to sperm were excised from the gels and digested with trypsin for electrospray tandem mass spectrometry (ES-MS/MS) peptide identification as previously described [15] . Mass spectrometry was performed by the Proteomics platform of the Eastern Quebec Genomic Center (Quebec City, QC, Canada). Peptides were separated by online reversed-phase nanoscale capillary liquid chromatography (LC) and analyzed by (ES-MS/MS). Mascot (Matrix Science, London, U.K.) version 2.2.0 was used to search the bovine Uniref 100_14_7_bos_taurus_9913 database, assuming peptides were generated by trypsin digestion. MS/MS-based peptide and protein identifications were validated with Scaffold (version scaffold_2_04_06; Proteome Software Inc., Portland, OR). Protein identification was considered significant if it contained at least three unique identified peptides with P . 95%. Protein probabilities were assigned by Protein Porphet algorithm.
The MS/MS peptides databank was revisited to identify biotinylated peptides of epididymosomes potentially transferred to spermatozoa. The biotinylated derivative (NHS-LC) was specified as the variable modification of lysine (þ339.5 Da). Scaffold (version Scaffold-2_02) was used to validate MS/MS-based peptide and protein identification. Peptide identifications were accepted if they could be established at greater than 95.0% probability, as specified by the Peptide Prophet algorithm. The biotinylated spectra were manually validated.
Ganglioside M1 Detection
Cholera toxin subunit b (CTB) is known to bind ganglioside M1 (GM1), a marker of detergent-resistant membrane domains, or rafts, present in epididymosomes [17] . Ld and Hd epididymosomes equivalent to 15 lg of protein were slot blotted in duplicates on polyvinylidene fluoride membranes. Membranes were blocked overnight at 48C in PBS containing 3% dry skim milk, washed in PBS, and incubated with CTB-HRP conjugate. The ECL was used as substrate, and the densitometry quantification of GM1 was performed with an image analyzer system.
Lipid Extraction and High-Performance Thin-Layer Chromatography
Ld and Hd epididymosomes were extracted by the Folch method [27] . Briefly, equivalents of 50-150 lg protein of Ld and Hd epididymosomes suspended in 500 ll NaCl solution were mixed successively with 1 ml methanol and 2 ml chloroform. The organic and aqueous phases were separated by centrifugation at 500 3 g for 10 min. The organic phase was collected, and the upper aqueous phase was re-extracted once more with chloroform:methanol (2:1 [v/v]) and centrifuged at 500 3 g for 10 min at 48C. The two collected organic phases were pooled and evaporated under a nitrogen stream. The dried lipid pellets were dissolved in a small volume of chloroform:methanol (2:
The different classes of extracted phospholipids were separated by highperformance thin-layer chromatography (HPTLC; Merck) [9, 28] 
Electron Microscopy
The two populations of epididymosomes were fixed for 16 h in PBS containing 2.5% glutaraldehyde. The fixed particles (Ld and Hd) were then 474 FRENETTE ET AL.
washed with 0.1 M cacodylate buffer (Na(CH 3 ) 2 AsO 2 3H 2 O, pH 7.3) and rinsed with water. The specimens were placed on Ni/formvar grids and stained with phosphotungstic acid, washed with water, and dried. Analyses were performed on a JEM-1230 transmission electron microscope at 80 kV (JEOL, Montreal, QC, Canada). Images were captured at 120 0003 magnification. This electron microscopy method allows visualization of smears of intact epididymosomes, thus allowing estimation of the diameter of these membranous vesicles.
RESULTS
Preliminary results of epididymosome ultracentrifugation on different sucrose gradients indicated that two populations of membranous vesicles can be separated according to their density (data not shown). Based on these observations, ultracentrifugation was performed on a three-step sucrose gradient. In these conditions, vesicles distributed themselves at the 5%/35% sucrose interface and in the denser fraction of the gradient. Coomassie blue-stained gels of each gradient fraction indicated that protein-containing vesicles were present in fractions 3 and 4, and in the dense fractions 8-10. Intensity of protein staining was much greater in fractions 8-10 when compared with the fractions collected at the 5%/35% interface. Protein electrophoretic patterns of fractions 3-4 and 8-10 suggests that these two portions of the sucrose gradient contained homogeneous populations of epididymosomes (Fig.  1A) .
Western blots were performed on each sucrose gradient fraction to detect five proteins known to be associated with cauda epididymal epididymosomes: P25B, PEBP1, AKR1B1, AK1, and MIF. These proteins were immunodetected in all sucrose fractions in which proteins were detected by Coomassie blue staining of SDS-PAGE. The relative intensity between the fractions was variable from one protein to the other. Whereas the quantity of protein associated with Ld fractions was lower than that associated with Hd vesicles, P25B was immunodetected at a similar intensity in fractions 3-4 and 8-10. AK1 signal was more intense in Ld fractions. PEBP1, AKR1B1, and MIF were more intense in 8-10, with levels of detection proportional to the quantity of protein detected in Coomassie blue-stained electrophoretic patterns of each gradient fraction (Fig. 1B) .
Based on the similarity of the electrophoretic patterns of the gradient fractions, and on the Western blots results, fractions 3-4 and 8-10 were pooled and considered as the Ld and Hd populations of cauda epididymosomes, respectively. According to the sucrose density cushion, the relative densities of the Ld and Hd epididymosomes were 1.02-1.15 and .1.15, respectively. When the two populations of epididymosomes were submitted to SDS-PAGE analysis on the basis of similar protein concentrations, electrophoretic patterns of Ld and Hd epididymosomes were very different. In Hd vesicles, two intense bands at .100 and 45 kDa were detected, whereas, in the Ld population, the major protein band was at 32 kDa ( Fig.  2A) . We have also been able to separate two populations of vesicles with the caput epididymal fluid. In contrast to the 
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cauda epididymosomes, the electrophoretic patterns of the caput vesicles differing in density were similar, but different from the two cauda epididymal epididymosomes populations (data not shown).
The cauda epididymosome proteome contains more than 400 different proteins (data not shown). We have investigated the presence of some of these proteins in the Ld and Hd populations of epididymosomes collected in the cauda epididymidis. Western blots were performed on different preparations of Ld (Ld1-Ld3) and Hd (Hd1-Hd4) epididymosomes on the basis of equivalent concentrations of protein.
Some proteins, such as PEBP1 and AKR1B1, were associated at similar concentrations with the two populations of epididymosomes. Some other proteins, PGAM2, NPC2, P25B, and AK1, were immunodetectable at higher concentrations in Ld epididymosomes, whereas actin beta (ACTB), VAMP8, and MIF were associated in higher concentrations with the dense epididymosomes collected in the cauda segment (Fig. 2B) .
As for Coomassie blue-stained gels, biotinylated surfaceexposed proteins of the two populations of cauda epididymosomes showed different electrophoretic patterns (Fig. 3A) . We have shown previously that epididymosomes transfer selected proteins to epididymal spermatozoa [18] . When coincubated in vitro with caput spermatozoa, Ld and Hd cauda epididymosomes transferred a similar electrophoretic pattern of biotinylated proteins, even though their total protein composition differed (Fig. 3, B-E) . When transferred proteins were visualized by probing incubated spermatozoa with peroxidase-coupled avidin, 77%-85% of spermatozoa were labeled regardless of the subpopulation (Ld and Hd) of cauda epididymosomes with which they were coincubated. In both cases, the pattern of labeling was similar to that already reported for proteins transferred from unfractionated cauda epididymosomes to caput sperm [18] . In a competition assay, when unbiotinylated epididymosomes were added in excess during in vitro coincubation of biotinylated epididymosomes with caput spermatozoa, the amount of biotinylated proteins transferred to spermatozoa decreased. Interestingly, both Ld and Hd unbiotinylated epididymosomes competed in a similar way when caput spermatozoa were coincubated with one or the other population of biotinylated epididymosomes (Fig. 4) . When submitted to 2D gel electrophoresis, five major spots of biotinylated proteins transferred from epididymosomes to spermatozoa were visualized (Fig. 3, C-E) . The Coomassie blue-stained protein spots of epididymosomes corresponding to these biotinylated proteins transferred to caput spermatozoa were analyzed by mass spectrometry. Table 1 lists the ES-MS/ MS identification of these proteins of cauda epididymosomes. A total of 14 different proteins were identified. For each protein, 3-25 different peptides were identified covering 8%-85% of the amino acid sequence of the bovine proteins. For nine of the identified proteins, peptides were found in one excised Coomassie blue-stained protein spot. For the other five proteins, their corresponding peptides were present in more than one protein spot of the 2D electrophoretic pattern of epididymosomes. The proteins of the epididymosomes identified by ES-MS/MS were not necessarily transferred to spermatozoa in the coincubation in vitro experiments. The ES-MS/MS data bank was revisited to identify biotinylated proteins of epididymosomes corresponding to the one transferred to spermatozoa. Out of the 14 proteins, only epididymal sperm binding protein 1 (ELSPBP1) and guanine nucleotide-binding protein G(1)/G(S)/G(T) subunit beta-2 (GBB2) appeared to be biotinylated (Table 1) .
HPTLC was performed to analyze the lipid composition of Ld and Hd epididymosomes collected in the cauda epididymidis (Fig. 5A) . The cholesterol concentration per milligram of proteins was 2-fold higher in Ld epididymosomes when compared with Hd epididymosomes. Similarly, phosphatidylethanolamine, phosphatidylcholine, and sphingomyeline were enriched in Ld epididymosomes by Ld:Hd ratios of 1.7, 2.9, and 2.0, respectively. Phosphatidylserine was found at similar 476 concentrations in both populations of cauda epididymosomes (Fig. 5B) . Slot blots probed with CTB revealed that the concentration of GM1 was 2.2-fold higher in Ld than in Hd cauda epididymosomes when compared on the basis of a constant protein concentration (Fig. 5, B and C) .
Ld and Hd epididymosomes from the cauda epididymidis were compared at the ultrastructural level. In both cases, the two populations were characterized by heterogeneous vesicles with a diameter varying between 50 and 250 nm. The epididymosome preparation procedures yielded pure populations of vesicles with no other organelles or cell debris, and were devoid of extravesicular, amorphous, electron-dense material. The Hd population appeared as spherical particles with a relatively high electron-dense appearance. The Ld vesicles showed similar heterogeneity in their diameter, and have a collapsed appearance with a relatively light electrondense contrast (Fig. 6) .
DISCUSSION
Through the use of ultracentrifugation on a discontinuous density gradient, we have been able to isolate two distinct populations of epididymosomes from the bovine cauda epididymal intraluminal compartment. The vesicles of the two populations are heterogeneous in size, but are in the same range of diameters (50-250 nm), as revealed by electron microscopy, and have buoyant densities of 1.02-1.15 and .1.15. Fornes et al. have previously described two populations of vesicles from the rat cauda epididymal fluid with similar buoyant densities [29] . In contrast to our observations, the vesicles described in that report differed in size, having diameters of 0.2-1.4 and 3.0-3.5 lm. Obviously, these vesicles are too big to be secreted by an apocrine pathway and to interact with spermatozoa the way epididymosomes do. 
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The protein and lipid compositions vary greatly between the two populations of epididymosomes; this may explain why they behave differently when centrifuged in a density gradient. When comparing the two populations of epididymosomes, the Ld vesicles are enriched in cholesterol and in phospholipids, with the exception of phosphatidylserine. Furthermore, their high concentrations of cholesterol, sphingomyelin, and GM1 are the signature of a high content of detergent-resistant membrane domains, or raft domains. This contributes to the Ld of these vesicles when compared with the Hd population of cauda epididymosomes. In contrast, the higher protein content of the dense population of vesicles present in the cauda epididymidis may contribute to their higher density, and explain why they have a more electron-dense appearance at the ultrastructural level. Although they are heterogeneous in size, the two populations of epididymosomes are devoid of other organelles, cellular debris, or any other organic material. The analysis of their protein content can thus provide some information with regard to their potential roles in sperm maturation.
The differences in their protein electrophoresis patterns clearly support the hypothesis that at least two distinct populations of epididymosomes are present in the intraluminal compartment of the bovine cauda epididymidis. The same amounts of AKR1B1 and PEBP1 are associated with both populations of epididymosomes. AKR1B1 is an aldose reductase, known to be secreted by the epididymal epithelium that reduces glucose in sorbitol [30] . Sorbitol being a linear sugar, it cannot cross the sperm plasma membrane. We previously hypothesized that this enzyme deprives spermatozoa of carbohydrate energy sources, maintaining epididymal sperm in a quiescent state during its transit along the excurrent duct [31] . PEBP1 has been described as a decapacitating factor [32] . Like AKR1B1, it thus maintains spermatozoa in a quiescent state before ejaculation. Both types of cauda epididymosomes thus seem to have common roles in the sperm reservoir function of the distal part of the epididymis.
While present in both epididymosome preparations, NPC2 (also known as human epididymis protein 1), P25B, and AK1 are more abundant in Ld epididymosomes. NPC2 transcript is highly expressed in the epididymis [33] , is found in high soluble concentration in seminal plasma [16] , and has been hypothesized to be responsible for sperm membrane cholesterol efflux occurring during epididymal maturation [34] and after ejaculation [16] . This is based on the existence of a cholesterol pocket in the three-dimensional structure of NPC2 [35] , and on consequences of a mutation in NPC2 gene resulting in an autosomal Niemann-Pick disease characterized by a late endosomal/lysosomal storage disorder due to a defect in intracellular cholesterol transport [36, 37] . The Ld cauda epididymosomes being enriched in cholesterol, it is not surprising that NPC2 is preferentially associated with this subpopulation of epididymal vesicles. However, whether or not the NPC2 associated with epididymosomes modulates sperm plasma membrane cholesterol content during epididymal maturation remains to be determined. P25B is another epididymis-secreted protein associated in higher concentration with the Ld epididymosomes. P25B is the bovine ortholog [26] of proteins described in human (DCXR, also known as P34H) [38] , hamster (P26H) [39, 40] , mouse [41] , and monkey [42] . These proteins have been proposed to be involved in sperm zona pellucida-binding events. In human, spermatozoa of 40% of men presenting with idiopathic infertility are devoid of P34H, and are unable to bind zona pellucida in vitro [43] . In bovine, low levels of P25B is a predictor of low fertility rates [26, 44] . Spermatozoa acquire P25B during their transit along the epididymis. We recently showed that P25B is GPI anchored to raft domains of both epididymosomes and epididymal spermatozoa and, by an in vitro assay, that P25B is transferred from raft domains of cauda epididymosomes to raft domains of caput spermatozoa [17] . Higher concentrations of cholesterol, sphingomyelin, and GM1 strongly suggest that Ld cauda epididymosomes are enriched in detergent-resistant membrane domains or rafts. It is thus logical that P25B, as well as AK1 [16] , another protein associated with raft in epididymal spermatozoa, are found in higher amounts in Ld epididymosomes. Considering that raft domains are involved in the compartmentalization of proteins in both epididymosomes and spermatozoa [17, 23] , Ld epididymosomes may coordinates the Obviously, Hd epididymosomes have biochemical characteristics different from those of Ld vesicles prepared from cauda epididymal fluid. Lipid composition suggests a much lower density of membrane raft domains, and a higher content in proteins. Western blots probed to detect proteins already known to be associated with epididymosomes reveal that very high concentrations of ACTB are associated with Hd epididymosomes. This form of actin is a constituent of the cytoskeleton, and may explain the more elevated electron density of Hd vesicles visualized by electron microscopy. ACTB being barely detectable in Ld epididymosomes, the two populations of epididymal vesicles are probably structurally very different. Due to their high concentration of the cytoskeleton-form of actin (ACTB), the Hd epididymosomes are probably more rigid and resistant than the Ld epididymosomes. This is probably the reason why they do not have the collapsed appearance characterizing the Ld vesicles when observed at the electron microscopy level. Based on their biochemical compositions, we can hypothesize that the two populations of epididymosomes of the cauda epididymis play different roles in epididymal physiology.
By using in vitro coincubation assays, we previously showed that selected biotinylated proteins are transferred from epididymosomes to spermatozoa [18] , and that caput and cauda epididymosomes transfer distinct subsets of proteins to caput spermatozoa in vitro [14, 23] . Surprisingly, the Ld and Hd subpopulations of cauda epididymosomes transfer the same pattern of proteins, even though they differ in their Coomassie blue-stained or biotinylated protein electrophoretic patterns. In fact, the 2D electrophoretic pattern of biotinylated proteins from Ld and Hd cauda epididymosomes transferred to caput spermatozoa are similar to that of proteins transferred when caput spermatozoa are incubated with unfractionated cauda epididymosomes (compare Fig. 3 , C-E, of this study with Fig.  2 of Frenette et al. [18] ). This would suggest that these vesicles do not fuse with spermatozoa, but transfer only a selected subset of proteins.
The bovine genome sequencing being almost completed (http://bovinegenome.org/), we have been able to identify proteins associated with Hd and Ld epididymosomes, but their transfer to the maturing spermatozoa has yet to be confirmed. Only the transfer to spermatozoa of ELSPBP1 and GBB2 has been confirmed by mass spectrometry analysis of biotinylated proteins. The list of these epididymosomal proteins transferred to spermatozoa is only a partial one, due to the limitations of the procedures used in this study. In fact, the listed proteins are restricted to those rare surface proteins with a free-surfaceexposed amine group available for biotinylation. ELSPBP1 possesses four fibronectin-binding domain 2 molecules, and it has been shown that it binds to spermatozoa via the choline group of membrane phospholipids. However, the function of this epididymis-specific protein in sperm maturation remains to be determined. It has been recently proposed that ELSPBP1 prevents premature activation of swelling-activated channels, a mechanisms involved in sperm cell volume control during the epididymal transit [45] . The identification of GBB2 as a biotinylated protein transfer to spermatozoa suggests that epididymosomes may be involved in some maturing process of sperm membrane signaling pathways.
In conclusions, at least two different populations of epididymosomes are present in the intraluminal compartment of the cauda epididymidis. Although the biochemical composition of these two populations of vesicles suggests that they interact differently with spermatozoa, the proteins transferred from these two types of epididymosomes to spermatozoa in vitro have similarities. Further work is needed to improve our understanding of the functions of epididymosomes in sperm maturation. 
